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ELECTRICAL EQUIPMENT 


for AIRCRAFT 


FITTED TO MANY WELL-KNOWN 
TYPES OF MACHINES 


The BTH Company manufactures many kinds of 
Aero-Engine and Aircraft components, including :— 


Magnetos; starting equipments ; generators ; air compressors ; engine speed- 
indicators ; undercarriage and flap operating equipment; petrol pump motors ; 
Mazda aircraft lamps for landing, navigation, and interior lights. 


Now and in the coming era of air transport 


SPECIFY BTH 
ELECTRICAL EQUIPMENT 


THE BRITISH THOMSON-HOUSTON CO.,LTD. 


CROWN HOUSE, ALOWYCH, LONDON, W.C.2. 
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TREFOIL 


BAKELITE © PLASTICS 


Pioneers in the Plastics World 


BAKELITE LIMITED, 18 GROSVENOR GARDENS, LONDON, S.w.1 


STRIP STEEL 


SPECIALISTS IN THE ROLLING AND 
—— HEAT TREATMENT OF —— 
AIRCRAFT STRIP AND SHEET STEEL 


J. J. HABERSHON & SONS, Ltd. 
HOLMES MILLS, ROTHERHAM 
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THE LIGHTEST CASTINGS 
FOR WHEEL HUBS 


MN [AGNESIUM Alloys have contributed 

greatly to the advance of aircraft design, 
and are an essential factor in many other industrial 
products. Among many properties which the 
MAGNUMINIUM base alloys possess, apart 
from their lightness of weight—one-fourth the 
weight of steel—are their very excellent machining 
qualities, which make these alloys extremely 


economical materials to use. Technical information 


will be sent on request to the Sales Department. 
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MAGNESIUM BASE ALLOYS 
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A useful addition to the libr, 
of all who are interested 
Magnesium and its alloy 


Price ; U.K., 30/- 
plus 7d. postage 
Abroad, 30/- 
plus 1/3 postage 


Cheques to be made out to 
PF. A. Hughes & Co., Ltd, | 


ELEKTRON 


THE PIONEER MAGNESIUM ALLOYS 


@ Sole Producers and the Trade Mark Elektron” MAGNESIUM ELEKTRON LIMITED. Abbey House, London, N.W.1 @ Licensed Manufact: 
cai TERLING METALS LIMITED, Northey Road, Foleshill, Coventry @ Castings) THE BIRMINGHAM ALUMINIUM CASTING (1903) COMPAN: 
LIM! rg Birmid Works, Smethwick. encom | STONE & COMPANY LIMITED, Deptford, London. $ E 14 @ Sheet, Extrusions, Forgings & Tubes JAMES BOO?» 

LIMITED, Nechells, 7 @ Sheet Extrusions, Etc.: LIMITED, Woodgate, Quinton. Birmi 
af “Metal for the British Empire: A. HUGHES & CO. LIMITED, Abbey House, Baker Street, London, 


FIREPROOF FUEL HO 


EX A FE is being fitted to Britis) 


Operational Aircraft 


, THIS FIREPROOF HOSE DESIGNED ESPECIALLY FOR AIRCRAFT AND KNOW 
AS - FLEXATEX C.7 WILL WITHSTAND FOR OVER FIVE MINUTES A FLA\ 
|; TEMPERATURE OF 1000° CENTIGRADE DIRECTED ON THE PIPE BENT 1) 
MINIMUM BEND RADIUS WITH PETROL FLOWING AT A _ PRESSURE (i 
} 30 LBS. PER SQUARE INCH. 


/ Flexatex has advantages in construction, supply and assembly. Its range includ 

, types for the conveyance of Petrol, Air, Oil, Chemicals, Water and Gases; ea’ 
| type being constructed from materials selected to suit the operating condition 
The unique design brings better relative performance than any other type 
. hose. Standardisation has ensured use in conjunction with A.G.S._ pari THE 


WH 
|| INFORMATION on all types of FLEXATEX HOSE Hidu 
H exper 
|MANUAL OF TECHNICAL DATA as 
Bona-fide enquirers are invited to apply for this interesting ri 
and practical treatise. Gives useful technical data, Hidur 


’ together with full instructions on its 
i application. If details of fluids or 
gases to be conveyed are pro- 
vided, specific information 
will be supplied. 
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DO YOU KNOW? 
that Flexatex is the result of close experiment 
by a technical organisation versed in such 
problems of industry ... Wiikinson Rubber 
Linatex Ltd., the organisation that produced the 
original self-sealing flexible fuel hose and the 
Linatex self-sealing tank covering. 


WILKINSON Bi RUBBER aimee LTD., FRIMLEY ROAD, CAMBERLEY, SURREY. 


Also in Coneda, Australia, South Africa, U.S.A., etc. 


Tel: Camberley 
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MERLIN & GRIFFON 


The well known story of the Merlin and Griffon 
is one of uninterrupted improvements, which have | 
| nearly trebled the power output of the basic types ~ | 
and given them exceptional high altitude perfor- | 
mance, and put them well ahead of every other 


liquid-cooled engine in the world.” 
—From the TIMES 
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AERO ENGINES 
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THE ENGINE DESIGNER 
WHO TOOK US INTO HIS CONFIDENCE 


Hiduminium Applications Ltd., combines the technical 


experience of great organisations in the Light Alloys industry. Lignt weight and high strength * high 
Th lised k led hich J full stiobte thermal and electrical conductivity * 

e ise nowledge which it commands tuily availaodle high resistance to corrosion * works 
to designers and constructors now engaged in planning their ability * ease of fabrication * non-toxic 


Post-war products and equipment. Timely collaboration with and non-magnetic * excellent appear- 


Hiduminium Applications Ltd., will ensure that the outstanding ase FA ® 
advantages of HIDUMINIUM* Aluminium Alloys are fully 
utilised. Further information will be sent on request. 
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AIRCRAFT LIMITED 


BRANCH OF HAWKER SIDDELEY AIRCRAFT Co. Lrp. 


Specialists in 


| A 
{| N ISH 
JIGS & FIXTURES CAPSTAN LATHE 
PRESS TOOLS WORK 
AIRCRAFT HEAT TREATMENT 
ASSEMBLY JIGS & SMALL ASSEMBLY , 


REFERENCE GAUGES HAND \TOOIS 
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Self- sealing 
couplings 


For use in aircraft or other hydraulic 
piping systems. 

Lockheed-Avery self-sealing couplings 
can be uncoupled under pressure, and 
recoupled, without loss of contents 
and without trapping air. 

They are of the greatest value where 
sectionalised construction is used, as 
they facilitate assembly, whilst over- 
hauls necessitating the changing of 
engines, or hydraulic or other units, 
are greatly simplified and speeded 
up. 

The coupling is of double value when 
it is used in conjunction with the 
ran developed Lockheed - Avery 
ose. 


AUTOMOTIVE PRODUCTS 
COMPANY LTD., 
ENGLAND. 


Fully patented 


As Henson, whose 25-h.p. steam-propelled aeroplane of 1843 is 
illustrated above, ranked among those who pioneered aviation, 
so the makers of Dagenite batteries pioneered the construction 
of AIRCRAFT ACCUMULATORS. To-day, because they embody the 
results of a rich experience, Dagenite batteries are an essential 
of the most modern aircraft. 


DAGENITE € 


AIRCRAFT BATTERIES 


PR3A 44 
PETO AND RADFORD, 50, GROSVENOR GARDENS, 


Illustrated is the Dagenite 
Aerobatic Unspillable Battery. 
Other types for the aircraft itself 
and for ground starting are 
supplied. 


LONDON, sS.W.! 
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Ac owel 
Beyond P 


A Kingdom has been offered {j 
a horse . . . but even greater}. 
the time of emergency, was Ay 
value of having available q 
process for the production , 
“SANWEST” jewels whq 
supplies of other  instrumg 
bearings were cut off almg 
overnight. The “SANWEST 
Type bearings, which 


INT 


LC ¢ Ar been produced since those vi 
§ A N E days, have given comp! 
INSTRUMENT BEARINGS satisfaction under the most arduoy 


conditions. 


In 3 ~ 31, 1} and 2 mm. he 


SANGAMO WESTON —LTD., ENFIELD, MIDDLESE}.. 


A MANUFACTURING SERVICE NOW 
for the production of articles from 
PLASTIC MATERIALS 


SYNTHETIC (Including Rubber and Synthetic Rubber) 
RUBBER 
NEOPRENE We are able to devote to priority work part of our expanded manufacturing 
GR'S facilities for the production of certain plastics. 
EBONITE 


enemies The service which we offer is comprehensive, including : 
aie FIRST-CLASS TOOL DESIGN AND MANUFACTURING SERVICE + CAREFULLY PLANNED 
PRODUCTION - QUALITY CONTROL BY A HIGH STANDARD OF INSPECTION 
Advice based on experience is at your disposal. You are invited to submit 
; . particulars of work which you require, eeenenty confident of our full |} *hieve 
Mouldings . Castings 


Extrusions co-operation. and ex! 


LORIVAL PLASTICS 


Products 
UNITED EBONITE & LORIVAL LTD- LITTLE LEVER NEAR BOLTON: LANCS |p tr 
Telephone: FARNWORTH 676 (Four Lines) Telegrams ‘*EBONITE® LITTLE LEVER. 
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INTERNATIONAL RECORDS HE foot race owes its origin to earliest 
aa ae ae Grecian times as recorded in the Iliad 
and the Odyssey. In modern records 
distances from 100 yds. to 1 mile have 
regularly called forth the greatest powers 
of Athletes, both amateur and professional. 
The World’s record for 100 yds. in 93 secs. 
was set up by John Donaldson, of Australia, 
when he won the professional 100 yds. 
Championship at Johannesburg in 1910. 


flered § The record of International Alloys Ltd. in 
aad supplementing the nation’s supplies of 
> ’ essential light metals cannot be fully pub- 
, Was ty lished till after the war. Meanwhile, for 
lable post-war developments, please note the 
ction ; name— INTAL’ are and will be makers 
» < of aluminium alloys for every conceivable 
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2mm TA/344A 

INTERNATIONAL ALLOYS ETD. ; SE BUC 
ESE) Telephone: Slough 23212. Telegrams: Intalloyd, Slough 


we met before 


* That’s right, Sir! 
I serviced your 
machine at Lages 


last February!” 


The aim of Field Aircraft Service is easy to state—world-wide service. Not so easy to 
xhieve of course, but we shall get there. In the post-war years, when airlines spread 
and extend to every corner of the globe (do globes have corners ?) certainty of service 
will be just as important as speed, or comfort. More important we think ; for proper 


servicing on the ground means security in the air. And on security, above all, progress 
Mair transport will depend. 


FIELD AIRCRAFT SERVICE 


A Company of the Group e@ FIELD CONSOLIDATED AIRCRAFT SERVICES LIMITED 
LONDON OFFICE: BYRON HOUSE, ST. JAMES'S STREET. S.W.1 
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FIRTH -VICKERS 


FREE MACHINING 
STAINLESS STEELS 


Now available in 


STAINLESS IRON (F(\) 
STAINLESS STEEL(F(S) 
“STAYBRITE” FDP. 


She lessons of war will sewe 
the uses of peace 


Meeting vital needs of the fighting services, 
The Heywood Compressor Company Ltd. has 
developed to an unprecedented standard of 
. efficiency a small capacity air compression 
system, now known as ‘Hymatic.’ In addition 
to actuating the gunfiring mechanism of fighter 
*planes, it is used with equal success for other 
vital controls in aircraft, ships and vehicles, as 
well as for engine starting. ‘Hymatic’ will be 
available for many peacetime uses. Meanwhile 
the makers will gladly share their extensive 
knowledge with those who are considering the 
use of compressed air in fresh fields. Particulars 
of your problem will be welcomed. 


Basic developments include 

small capacity Air Compressors for 

pressures up to 800 Ib., Electro-pneumati: 

Controls, Air-actuated Mechanisms, Oil COMPRESSED AIR EQUIPMENT 

and Water Separators, and Air Starting Production standard stabilised by statistical quality 
Equipment. control Many ot 
ire beir 


THE HEYWOOD COMPRESSOR COMPANY LIMITED - REDDITCH - WORCS lor speci 


—— FIRTH-VICKERS STAINLESS STEELS LTD 
SHEFFIELD 
f 
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which is in production weig 

only 42 1b.—pulls or pushe 

600 Ib. plus 20% overload 
a. sizes of Electric Actuators 


ire desig and factured 
lor specific aircraft projects. 


ROTAX LTD. WILLESDEN JUNCTION LONDON N.W.10 


3 
Ss 


xii JOURNAL OF THE ROYAL ABRONAUTICAL SOCIETY November, 1944 


SPECIAL 
ALLOY STEELS 


HE result of more than 100 years of 

steel-making experience aided by metal- 
lurgical research facilities of International 
repute is built into these special alloy steels. 
They meet the highest duty demands of 
to-day and keep pace with the growing 
severity of the specifications of to-morrow. 


GEAR STEELS 
STEELS FOR HIGH DUTY 
MECHANISMS 


THOS. FIRTH & JOHN BROWN LTD SHEFFIELD 


FERODO 
CLUTCH DISCS 
& 
FEROBESTOS 
BUSHES AND WASHERS 


Aeronautical Engineers and 
others concerned with air: 
craft construction are invited 
to consult us. The long and 
extensive experience of our 
7 technical staff and the unique 
facilities afforded by the 
F E R © 4 re) laboratory are freely at the 
BRAKE LININGS disposal of Industry at all times. 

For Aircraft 


rER GOD LIMITED © FRUIT 
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% HOBSON INDUCTION | 

PRESSURE (BOOST) CONTROLS 


HOBSON-PENN AUTO- | The 
MATIC MIXTURE CONTROLS 
| premier 


sparking plug 
of the world 


HOBSON PILOT'S COCKPIT 
CONTROLS 


used in the 
HOBSON | engines of both 
Waste | British & U.S.A. 
| aircraft 


H. M. HOBSON (AIRCRAFT & MOTOR) COMPONENTS LTD. 


HERS 

sand Carbon & Alloy Steels 
1 air of the highest quality 
nvited 


gan FORGINGS, CASTINGS 
for!) DROP FORGINGS 


unique 


te || RAILWAY MATERIALS 


it the Small Tools & Tool Steels 


ENGLISH STEEL CORPORATION!" 
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LONDON BRISTOI 


PRECISION 


THE WICKMAN 


10 M.M. HIGH 


SPEED PRECISION AUTOMATIC 


Delivery is subject to Purchase and Priority Certificates issued by the M.T.C. 


e COVENTRY ENGLAND e@ 


At the moment only half the story 
can be told. Not until the peace is 
won, can we tell you of the war 
developments which will be incor- 
porated in the post war design and 
manufacture of our Optical-mechan- 
ical electrical Instruments and Air- 
craft Equipment 


Avimo Ltd., Taunton, Som. (Eng) 


PROGRESS by QUALITY 


Appro ved under Air Navigation Rules for Civil Aviation 
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BIRMINGHAM MANCHESTER LEEDS GLASGOW NEWCASTLE 


fnew page the story 


November, 1944 


This machine originally 
designed to cover. a_ large 
variety of work for the wire- 
less and electrical trades. In 
addition to producing parts for 
these two trades, it has now 
been adapted for more special- 
ised work on which it has 
already proved highly success- 
ful. It is simple to tool for 
any component within _ its 
capacity and can be easily 
operated by female labour, 
Work up to 10mm. diameter 
by 4in. long can be accommo- 
dated and there are over 100 
feeds for each spindle speed, 
covering all materials. May 
we send you full particulars? 


TRADE 


BIRKETTS 


Fully approved by Admiralty and A.I.D. 


T. M. BIRKETT & SONS. 


NON-FERROUS CASTINGS 
and MACHINED PARTS 
for AIRCRAFT 


Wartime research has opened a wider field 
for British Engineering into new and essential 
uses of non-ferrous metais and alloys. Out 


specialised knowledge is offered to you. 


HANLEY- STAFFS 


Birkett. Hanley 


“Phone: Stoke-on-Trent 2184-5: 
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tropical sunlight. 


IMPERIAL CHEMICAL INDUSTRIES LTD. 
LONDON, S.W. 1 P.146 
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Facts about 


PERSMPEX 


\CRYLIC RESIN SHEET 


Is not affected by IC 


THE MODEL 7 50-Range Universal 
AVOMETER 


Electrical Measuring Instrument 


A self-contained, precision moving-coil instrument, 
conforming to B.S. Ist Grade accuracy require- 
Has 50 for measuring 
A.C. & D.C. volts, A.C. DC. amperes, resistance, 
Capacity, audio- a. power output and de- 
cibels. Direct readings. No external shunts or 
series resistances. Provided with automatic com- 
pensation for errors arising variations in 
temperature, and is protected by an automatic 
cut-out against damage through overload. 


Orders can now only be accepted which bear a 


Government Contract Number and Priority Rating 


Sole Proprietors and Manufacturers : 


AUTOMATIC COIL WINDER 
EQUIPMENT Co., 


Winder House, Douglas St., London, rt = 1. Vic. 3404/8 


APRON AL 


WEYBRIDGE 


AIRCRAFT PROPELLER 


BLADES 


AIRSCREW 


PRECISION AXIAL-FLOW 


FANS 


THE AIRSCREW COMPANY LTD 


ENGLAND 


/ 
: Ad —— == 
D. 
Le 
184-5 


JOURNAL OF TUR ROYAL ABRONAUTIOAL November, 1944 Vi 
ee CORK MANUFACTURING CO., LTD., South Chingford, London, E.4. Tel. ; Silverthorn 2666 (7 lines) 
<4 (Associated with Flexo Plywood Industries Ltd.) 
On 
we Britains natural ole vent | 
— London Office: 45 & 49, Parliament Street, Westminster, S.W.! P= 


1944 


lines) 


Vorember, 1944 JOURN OF THE ROYAL ABRONAUTICAL SOCIETY xvii 


THE JOURNAL 
THE ROYAL AERONAUTICAL SOCIETY 


With which is Incorporated The Institution of Aeronautical Engineers. 


CONTENTS FOR NOVEMBER, 1944 


PAGE 
FACTORS OF SAFETY—OR OF HABIT: sy W. TYE, B.Se., A.F R.AeS, 
THE DESIGN AND OPERATION OF SUPERCHARGERS, sy A. J. PENN, ALM.T.Mech. Fk. 495 


THE JOURNAL OF THE RoyaL AERONAUTICAL Society was founded in 1897 in succession to the 
ANNUAL Reports. 

For the opinions expressed in Papers that are signed or initialled the authors alone are 
responsible. None of the papefs or paragraphs must be taken as expressing the opinion of 
the Council of the Royal Aeronautical Society unless such is definitely stated to be the case. 


The Journal is published monthly at the Offices of the Society, 4, Hamilton. Place, Piccadilly, 
London, W.1. 


Subscriptions per annum, £3.3.0 post free; Single Numbers 5/- or 5/3 post free. 
All communications for publication in the Journal, or on general matters affecting the Society 
should be addressed to— 
The Secretary and Editor, 
J. Laurence Pritchard, 
4, Hamilton Place, W.1. 
The Society’s Bankers are Messrs. Coutts & Co. 
All communications respecting Advertisement matters should be addressed to— 
The Advertisement Manager, Journal of the Royal Aeronautical Society, 
4, Hamilton Place, W.1. 

Telephone :Grosvenor 3515-3516-3517. Telegraphic Address: ‘‘ Didaskolas, Audley, London.” 


Or to— T. G. Scott & Son, Ltd., Talbot House, Arundel House, London, W.C.2. 
Tel lephone : Temple Bar 1942/3. 
wit 
PHOSPHOR BRONZE 
ano auNmeTaAL BEARINGS & BUSHES 
OF THE HIGHEST QUALITY. . CAST BY THE 


“EATONIA” (water-cootep) PROCESS 
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AEROPLANE ENGINE MAKERS MOTOR VEHICLE ENGINE MANUFACTURERS 
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BRONZE FOUNDRIES, WORTLEY, LEEDS, 12 


e 
Aircraft Engineering ~ 
1929 
The Monthly Technical and Scientific Organ of the Aeronautical Engineering Profession 
Edited by Lt.-Col. W. Lockwood Marsh, O.B.E., F.R.Ae.S., M.S.A.E., F.l.Ae.S. 


Single Copies 2s. 3d. post free. Ordinary Subscription : 26s. Od. per annum, post free 
SPECIAL SUBSCRIPTION RATE For Students, Associates and Graduates of the Society: 21s. Od. per annum, post free 


PRINCIPAL NOVEMBER CONTENTS. 
Two-Spar Wing Stress Analysis. W. J. Goodey. 
Research in Australia. 
The Strength of Valves at Closing. W. Zalewski. 
Designing for the Customer. J. G Wi.ls. 
Indium in Aviation. W. S. Murray. 
Administrative Engineering in the U.S.A. D Tiranti and G. A. Whipple. 


BUNHILL PUBLICATIONS LIMITED, 12 Bloomsbury Square, London, W.C.1 


| 
( 
W.! 


TOUR NAL OP THE ROYAL ARRONAUTICAL November, 1944 


RLING SHO. 


gland 


THE OLDEST ESTABLISHED AIRCRAFT COMPANY IN THE WORLD 


* 


The STI RT'S Contribution to the Night Bomber Offensive Short & Harland photograph 


{ndercarriag 


| 
Br 
4 
= 
O D 


hotograph 


THE ROYAL AERONAUTICAL SOCIETY 
WITH WHICH IS INCORPORATED THE INSTITUTION OF AERONAUTICAL ENGINEERS. 


MONTHLY NOTICES 
NOVEMBER, 10944. 


Increase in Price of the Journal. 
The Council have decided that on and from January ist, 1945, the price of 


the Journal should be increased to 7s. 6d. per issue to non-members (£4 10s. 


per annum). 


Lectures, 1945. 

fhe following programme of lectures has been arranged to be held at 6.3c p.m. 
in the Lecture Hall of the Institution of Mechanical Engineers, Storey’s Gate, 
st. James’, S.W.1 (by permission of the Council of the Institution). Members 
do not need admission tickets, but visitors must obtain a ticket through a 
member :— 


1945: 
Thursday, 15th February.—.Aircratt Wheels and Brakes, by Mr. J. Wright. 

ist March.—Control Surface Design, Joint Lecture by Mr. M. B. 
Morgan and Mr. Thomas. 

” 8th March.—Electrics for Aircraft, by Mr. C. G. A. Woodford, 
ALP 

ar 22nd March.—Hydraulics for Aircraft, by Mr. R. H. Bound, 
F.R.Ae.S. 

9 5th April.—Modern Experimental Work on Aeroplane Structures, 
by Dr. A. G. Pugsley, F.R.Ae.S. 

re gist May.—33rd Wilbur Wright Memorial Lecture, by Mr. T. P. 


Wright, Hon.F.R.Ae.S. 


Branch Lectures. 
DerBy BraNcu. 
Lectures are held in the Rolls-Royce Welfare Hall, Nightingale Road, Derby, 
at 6.30 p.m. 
Monday, 6th November.—Sir Frederick Handley Page, C.B.E., F.R.Ae.S. 
(subject to be announced later). 
% 4th December.—.\nnual General Meeting. Lecture and film, ‘* The 
Ace of Blades.”’ 
Luton Brancu. 
Lectures are held at the Technical College, Luton, at 7.15 p.m. 
Wednesday, 6th December.—Design and Operation of Deck Landing Aircraft, 
by Mr. G. E. Petty, F.R.Ae.S. 
3 1oth January, 1945.—Flight Testing of Aircraft Control and 
Stability, by Dr. D. Cameron, 


Mrpway Brancu. 
Lectures are held at 7.15 p.m. 
Monday, 13th November.—Some Aspects of the American Aircraft Industry, 


5 11th December.—<An evening of films. 
ss 8th January, 1945.—Light Alloy Castings, by Mr. F. Hoult. 
ra 12th February.—Compressibility, by Dr. W. F. Hilton. 


12th March.—Engine Installations, by Mr. F. Mayer. 
oth April.—Work in an Experimental Seaplane Tank, by Mr. L. 
Smith. 
483 
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BELFAST BRANCH. 
Lectures are held in the Central Hall, College of Technology, at 6.30 p.m. 
Monday, 20th November.—Aerodynamics and Strength, by Mr. G. I. 
Robinson. 
11th December.—Drawings and Lofting, by Mr. H. G. Parker, 
ACE CR. Ae’S., and Mr: Patrick. 
29th January, 1945.—Production and Works Organisation, by Mr, 
W. Browning, A.F.R.Ae.S., A.M.I.Mech.E., M.I.P.E. 
26th February.—Production Control, by Mr. M. Beaney, 
A.F>R.Ae.S,, A.M.P.E. 
26th March.—Inspection, by Mr. H. H. Hall, A.F.R.Ae.S. 
Ss 16th April.—Test Flying, by Mr. J. Lankester Parker, F.R.Ae.S, 


BristoL Brancu. 
Lectures are held in the Conference Room, Bristol Aeroplane Company, Filton 
House, Bristol, at 6.30 p.m., by kind pérmission of the Directors. 

Tuesday, 14th November.—Possible Developments in the Design of Air- 
Cooled Engines, by Mr. B. G. Markham, M.A., A.F.R.Ae.S. 

Thursday, 23rd November.—The Bird and the Aeroplane, by Captain J. 
Laurence Pritchard, Hon.:F.R.Ae.S. 

Thursday, 14th December.—Pressurising and Air Conditioning at High Alti- 

: tudes, by D. R. Pobjoy. 

Tuesday, 16th January, 1945.—Flight Testing, by Mr. E. T. Jones, 
A.F.R.Ae.S. 

Tuesday, oth February.—Plastics—Their Industrial Application, by Mr. H. 

Carl Martin. 

Tuesday, 20th February.—Flying Boats, by Mr. A. Gouge, F.R..Ae.S, 

Tuesday, 6th March.—Development in Rotating Wing Aircraft, by Mr. R. 
Hafner. 

Tuesday, 20th March.—Film Night and Annual General Meeting. 


Zaharoff Chair of Aviation. 
It should be noted that Professor Bairstow’s successor in this office is Mr. A. A. 
Hall, and not Mr. A. H. Hall as stated in last month’s Notices. 


Royal Air Forces Association. 

The Royal Air Forces Association is appealing for funds to help all ex-R.A.F. 
and W.A.A.F. personnel of all ranks. The President is Lord Trenchard and 
the Chairman of Council Air Chief Marshal Sir John M. Steel. 

The Association is actively concerned in promoting the welfare of R.A.F. and 
W.A.A.F. personnel, not only by providing places where they can meet, but by 
help and advice on employment, legal questions, pensions, etc., and they work 
in close co-operation with other bodies, as the R.A.F. Benevolent Fund. 

It is hoped that their appeal for funds will be generously answered. Ail con- 
tributions should be sent to Air Commodore E. L. Howard-Williams, Chairman 
of the Executive Committee, 105a, Gloucester Road, S.W.7. 


Election of Members. 
The following members have recently been elected :— 
Associate Fellows.—Leslie Aitchison, Leslie Frederick Atkinson (from 
Graduate), Peter Eugene Bish (from Graduate), Geoffrey William 
Bone, Jerzy Michat Brzustowski, William Close, Frank Grinsted 
(from Graduate), Christopher Webster Jones, Tom Joseph Percival 
Joy (from Graduate), Arthur Jacob Mautner, Frank Henry Ordidge, 
Matthew Sausse Slattery, Joseph Robert Standring, Jacob Samuel 
Shapiro, Joseph Donald Stranks, Charles Frank Stubbs, Ivor Lewis 
Thomas. 
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Associates.—Frank Miles Clark, Robert John Payne Crawfurd, Jeremiah 
Joseph Crowley, William John Leslie Davies (from Graduate), 
Wilfred Dowdall, Samuel Green Fenwick, George Edward Finch, 
Douglas Gerald Seafield Grant, Gordon William Thomas Gray, John 
Bryant Hawton, William Charles Hill, Herbert Hickson, Richard 
Henley Howard, William Redvers Kilminster, Leonard Sidney 
Marrington, Charles Merryfull, William Davies Morris, Esmond 
John Hugh Fulford Moreton, William David Morgan, William 
Turnbull Neill, Frederick James O’Connell, Horace Sidney Patrick, 
Eric Royce Plattord, Reginald Nunley Playford, Kenneth Henry 
Porter, Norman Llewellyn Prewett, Frank Henry Robertson, Charles 
Harvey Robinson, William Bruce Smith, Harold Victor Stagg, 
Thomas Briggs Stelling, Clifford Harvey Tibbles, Christopher Tom 
Walkington, John Wells, Alexander Zielony (from Graduate). 


Graduates.—Gordon Desmond Bateman, Douglas Thornton Brown (from 
Student), Arthur Charles Caporn, John Alexander Jefferson-Loveday, 
Norman Hugh Le Gallais, Thomas Harry Merchant, Peter George 
Mobsby (from Student), Woolf Petrook, Nathan Owen Rawlinson, 
James William Ritchie, Charles George Woolven. 

Students.—John Cecil Bailey, Arthur Baker, Ronald Vincent Belvoir, 
John Reginald de Boer, Geoffrey Frank Briginshaw, Maurice C. 
Curties, John Lewis Cutler, John Lewis Dickson, Anthony Edward 
Francis Donovan, Owen Desmond Arthur Charles Furlong, John 
Anthony Hay, Ivan Bernard Henshaw, Ralph Spenser Hooper, 
Douglas Norcliffe Hubbard, Edward Claude Hubert, Thomas George 
Kent, Hugh John Julian King, Gilbert Frederick Lloyd, Desmond 
Walter Mitchell, Ralph William Mullins, Peter Edward Thomas 
Oakley, Frederick Arthur Quinton, Hugh Everard Scrope, Michael 
Charles George Smith, Morris Ira Speigel, Robert Douglas Tyler, 
Stanley Ralph Tyler, Derrick William Moore West. 

Companions.—William Henry Brown, George Herbert Ivan Cornwell, 
Austin Eastwood, Richard William Edwards, Carl Griffith. 


Acknowledgments. 

The Council acknowledge with grateful thanks the gift of a wooden model 
used for the wind tunnel tests for the 1927 Schneider Trophy aircraft, presented 
by Mr, J. S. Irving, Associate Fellow. 

The Council also wish to acknowledge the gift of Journals from Squadron 
Leader A. E. Harrop, A.F.R.Ae.S., and Mr. A. C. Barlow, F.R.Ae.S. 


Additions to the Library. 
2amphiets in italics with location reference following in brackets. 
Books marked * or ** may not be taken out on loan. 
B.a.327.—Hawker ** Tempest”? in Action. Ministry of Aircraft Production. 
(Press release, 18/10/44.) (Y.3.1ii.31.) 
*B.g.140.—Jane’s All the World's Aircraft, 1943. Ed. by Leonard Bridgman. 
Sampson, Low and Marston. 1944. £3 3s. od. 
*B.g.141.—Aircraft Recognition. (Vol. 1, revised.) R. A. Saville-Sneath. 
Penguin Books, Ltd. 1943. 9d. 
BB.c.go.—Alr Braking by Reverse-Thrust Propellers. Curtiss-Wright Corp. 
(Press release, 2/10/44.) (Y.7.a.17.) 
**D.a..\.25.—Aeronautical Statutes and Related Material. Civil Aeronautics 
Authority, Washington. — 1940. 
*D.a.B.83.—Air Registration Board: Chairman’s Report, 1943-44. 
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*D.a.B.84 and 85.—International Air Transport (Cmd. 6,561). H.M.S.O., 
1944. id. (PD.2.a.14 and 15.) Two copies. 
*D.a.H.7.—Poland’s Share in Pre-War Air Transport. Polish Ministry of 
Industry, Commerce and Shipping. 1944. 
release, 29/8/44.) (¥.6.1.40.) 
D.b.223.—Expansion of Eastern Air Lines ** Great Silver Fleet.” Curtiss. 
Wright Corp. (Press release, 4/10/44.) (¥.6.1.41.) 
*D.b.224.—Puarliamentary Debates: House of Lords. Vol. 133, No. 86. 
12 10/44. Post-War Civil Aviation. (Y.20. 11.) 
*E.f.100.—Notices to Licensed Aircraft Engineers, Nos. 1 and 2. Air Registra- 
tion Bourd, 1944. (File Case.) 
*E.e.13.—Handbook tor M.A.P. and M.O.S. Contractors. S. J. Noel-Browa, 
Engineering Industries Association. 1944. 
G.c.28.—Further Experiments on the Damping Capacity of Metals. W. H. 
Hatfield and Others. N.E. Coast Inst. of Engineers and Shipbuilders, 
(E. and F. Spon.) 1944. 
G.d.18.—Chromate Passivation of Zine and Cadmium. (Metal Processiny 
Bulletin No. P.5.) Rushton Organisation, 1944. (PG.1/25.) 
G.e.].26.—Metallography of Magnesium and its Alloys. W. Bulian and E, 
Fahrenhorst. F. A. Hughes and Co. 1944. 15/-. 
L.f.12.—The Chichester Sun Compass. Francis Chichester. Allen and 
Unwin. 1944. 5/-. 
L.k.44.—Air Crew in Their Element. Major V. BE. Henderson, University 
of Toronto Press. 1942. 2.6. (PL.3/10.) 
*Q.a.25 /37-—Subject- Headings for the Aeronautical Index. N. H. Randers. 
Pehrson. Federal Works Agency, New York. 1940. 
S.d.g1.—Night Bombing. Hector Hawton. Thos. Nelson and Sons. 1944. 
5/- 
UC.8.—Australian Council for Aeronautics: Reports (1944) :— 
A.C.A.-3.—Izod, Tensile and Hardenability Tests on X.4130 Chrome. 
Molybdenum Steel. .\. R. Edwards. 
A.C..\.-4.—A Consideration of the Design of Wind Tunnel Constructions, 
G. Kk. Batchelor and F. S. Shaw. 
A.C. .A.-5.—Interference on Wing's, Bodies and Airscrews in a_ Closet 
Tunnel of Octagonal Section. G. K. Batchelor, 
*UU.c.—National Advisory Committee for Aeronautics *(U.S.A.): Technica 
Memoranda :— 
No. 1064. Methods of Stress Calculation in Rotating Disks. S$. 
Tumarkin. (C.A.H.1I., No. 262, 1936.) 
No. 1005. D.V.L. Angular Velocity Recorder. W. Liebe.  (Luftwissen 
Aug., 1938.) 
No. 1071. Determination of the Actual Contact Surface of a Brus! 
Contact. R. Holm. (Siemens-Werken, Vol. 17. No. 4, 1938.) 
No. 1072. Surface Structure of Ground Metal Crystals. (Naturwisser- 
schaften, Vol. 20, Nos. 22-24, 27/5/32.) W. Boas and E. Schmid. 
No. 1073. Axial Superchargers. A. Betz. (Jahrbuch der D.L.F.F. 
1938.) 
No. 1074. The Frictional Force with Respect to the Actual Contac 
Surface. R. Holm. (Siemens-Werken, Vol. 17, No. 4, 1938.) 
*X.a.54.—S.A.E. Handbook, 1943. Society of Automotive Engineers, U.S.A 


J. LAvuRENCE Pritcnarp, Secretary and Editor. 
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FACTORS OF SAFETY—OR OF HABIT? 
By W. Tye, B.Sc., A.F.R.Ae.S. 


INTRODUCTION. 


1. Our engineering habits form slowly, and once formed are slow to change. 
This is perhaps less true in aeronautics than in other branches of engineering. 
Nevertheless some aeronautical customs are deeply rooted, so much so that it is 
easy to confuse the superstructure of habit with the basic foundations. In this 
article I have reviewed some of the customary methods of specifying Strength 
conditions and have tried to disentangle the underlying principles. Current 
changes in these methods emphasise the need of a proper appreciation of the 
principles, and a study of these principles suggests even more radical changes of 
methods in future. 

2. Ina brief article it is impossible to cover the whole field of strength require- 
ments. To give a focus to the argument, I have confined this article to discussion 
of the main ‘* symmetrical flight manceuvres,’’ but the general theme is equally 
applicable to any kind of loading condition. The symmetrical flight manceuvres 
are those flight manceuvres which result from an action on the part of the pilot 
(thus excluding loading due to atmospheric gusts) and which involve motion in the 
pitching plane only (thus excluding rolling, spinning, yawing, etc.). In such a 
manoeuvre the loads sustained by the aeroplane are primarily dependent on the 
speed of flight and the acceleration of the aeroplane normal to its flight path. 


PREVIOUS PRACTICE—SELECTED STRESSING CASES. 

3. During a single flight the aeroplane is subjected to a variety of speeds and 
accelerations, and hence the structure sustains loads which vary widely in magnitude 
and direction. When the time period considered is the life of the aeroplane, the 
possible loading conditions become even more numerous. Nevertheless, the 
designer has to provide strength to meet such numerous conditions if the aeroplane 
is to remain airworthy, and the question at once arises as to how he can do this 
without an intolerable amount of calculation. 

4. For many years the problem was solved by the responsible authority (then 
the Air Ministry) selecting a limited number of stressing cases with the intention 
that if the aeroplane were designed to meet these cases it would be capable of 
withstanding the infinite number of other possible conditions. In terms of 
symmetrical manoeuvring flight these selected cases were :— 


‘* Centre of Pressure Forward ’’—giving high normal acceleration at low 


‘ speed, 

Centre of Pressure Back ’? = —giving high normal acceleration at high 
speed, 

Fast Glide ”’ —vgiving small acceleration at high 
speed. 


In addition acrobatic aeroplanes were stressed for :— 
“* Terminal Velocity ”’ —giving zero normal acceleration at very 
high speed, 
“ —giving negative normal acceleration at 
low speed. 


Inverted Flight 
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5. This system of selected cases was on the whole successful but was open 
to objections. One objection was that there was an almost unavoidable tendency 
to make each case a little more severe than was strictly necessary in order to ensure 
that other conditions were covered. There was also a tendency to simplify each 
case at the expense of retaining an accurate conception of its physical significance, 
This system may be satisfactory for a particular class of aeroplane within a given 
generation of aeroplanes, but as design practice changes the over-simplified 
stressing case may depart widely from the truth, and this may well be a hindrance 
to development in design. For these, and for other reasons, the tendency in the 
last few years has been to replace the system of selected stressing cases of a semi- 
arbitrary kind by a system in which the conditions are specified in a more general 
manner. 


PRESENT PRACTICE—‘’ ENVELOPE CASES. 


6. The best known of the envelope cases is the * flight envelope,’’ which is 
in general use in this country and in the United States. It is fitting to pay tribute 
to Dr. P. B. Walker, (then of the Royal Aircraft Establishment), who was 
responsible for much of the pioneering work associated with the introduction oi 
this scheme in this country. 


OLD ¢.P, FORWARD cASE 
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FLIGHT ENvELoPE of n-V DIAGRAM 


7- The “ flight envelope ’’ covers all probable conditions of symmetrical 
manoeuvring flight instead of the few isolated points specified in the previous 
system. It is based on the previously mentioned fact that the loads sustained 
in symmetrical manceuvring flight are mainly functions of the normal acceleration 
n and the flight speed I’. Other variables, such as pitching acceleration, have 
only a secondary importance. We can therefore specify the whole range of sym- 
metric manceuvres by drawing a diagram which defines the range of n and the 


range of V. Such a diagram, which is called an n-V' diagram, is illustrated in 
Fig. 1. The line AB represents the highest expected normal acceleration: BC 


represents the highest expected speed, and point D the highest normal negative 
acceleration at low speeds. The curved lines OA and OD represent the stall—it 
would be impossible to achieve a value of n above the line OA or below the line 
OB, because the wing would be beyond its stalling incidence. The link between 
the previous and the present system is also illustrated in Fig. 1, on which are 
plotted some of the old selected cases. 
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V-G Recorbs. 

8. I must now digress for a moment to discuss a valuable source of information 
on which the n-V diagram may be based. The V’-G recorder is simply an instrument 
which when suitably installed in an aeroplane keeps a continuous record of the 
speed of flight and the associated normal accelerations. The V-G record is in 
fact the experimental counterpart of the design n-V’ diagram. <A typical I’-G 
record is sketched in Fig. 2. It is clear that during a flight a particular com- 
bination of nm and V may occur several times and the recording needle then crosses 
the same point several times over. The central part of the record thus becomes a 
maze of lines which get progressively denser the longer the recording slide is left 
in the instrument. Sometimes there are isolated lines outside the central blur (as 
in the record sketched) and these lines result from particularly high accelerations 
and speeds. Whether such lines are present or not it is reasonable to assume that 
the extreme boundary of the record represents manoeuvres which occur once in 
so many hours—the number of hours being the time (in flying hours) during which 
the V-G recorder has been accumulating data in the aeroplane. In practice, the 
recording slide in the l’-G recorder is changed fairly frequently, thus providing 
statistical evidence of the boundary shape. Approximate methods exist whereby 
the recorded data can then be expressed in terms of n-V boundaries corresponding 
to any desired number of hours flying. Fig. 3 illustrates such boundaries. 
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FIGURE 2 
Typican V-G RECORD 


9g. Before discussing how these experimentally obtained n-I” boundaries can 
be used for design purposes, it is of interest to note the general shape of the 
boundaries sketched in Fig. 3 (which though not relevant to any particular aero- 
plane are fairly typical). Not unnaturally the sharp corners of the simple n-V 
diagram of Fig. 1 are not, apparent in the boundaries obtained experimentally. 
The sharp corner at B is most noticeably severe, and it is to be expected that, as 
V-G evidence accumulates, it will become possible to specify n-V diagrams for 
design purposes, which adhere more closely to the true I’-G boundary shapes. 


FREQUENCY OF OCCURRENCE OF EXTERNAL LOADS. 

10. It has been pointed out that from the V’-G records it is possible to obtain 
n-l’ boundaries corresponding to any given frequency of occurrence. The choice 
of a particular boundary depends mainly on how safe it is intended the resulting 
aeroplane should be, and in turn the desired degree of safety depends on the use 
to which the aeroplane will be put. It is impracticable to build aeroplanes so 
strong that they cannot be broken—such aeroplanes would have such heavy 
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structures that they would be useless—and the need thus arises to decide just how 
safe each class of aeroplane should be. 

11. The frequency of structural failure which is acceptable is to some extent 
influenced by the frequency of other kinds of accident. ror example, in the milita-y 
aeroplane the losses due to enemy attack are largely unavoidable and an occasional 
structural accident would not materially increase the total accident plus loss rate, 
It may in fact be preferable to economise in structure weight at the cost of a small 
number of structural accidents if by so doing it becomes possible to carry heavier 
armament and armour, thus reducing the relativ ely more serious rate of loss arising 
from enemy attack. A limit to this process of balancing one kind of accident 
against another is of course set by the fact that in no circumstances must the pilot 
lose confidence in the structural qualities of his aeroplane. In general, however, 
it seems that, in the military aeroplane, the total losses should be reduced to a 
minimum and the design should be adjusted so that this is achieved. 


FREQUENCY OF OccURRENCE 
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FIGURE 
INTERPRETATION V-G 


12. In the civil aeroplane the structural accident is of more significance and 
the associated’ accident rate must be reduced below a correspondigly lower 
level. It is in fact sometimes argued that the structural accident rate for civil 
aeroplanes should be zero, but I am doubtful whether this is true. Provision of 
safety is costly—fortunately the cost diminishes as we learn more about design— 
and the question reduces to how much the passenger is willing to pay for safety. 
We hope the day will come when air transport is as safe as travel by railway or 
steamship. When this  stz age is reached it is doubtful whether the average 
passenger would consider it worth while paying a higher fare, if by so doing the 
already high standard of safety could be raised still further. It is beyond the 
scope of this article to suggest acceptable accident rates, but sufficient has been 
said to show that there are reasonable arguments on which to base the choice. 


PROOF AND ULTIMATE FatLure. 
13. So far ** structural failure *’ and ‘* accident due to structural failure ’’ have 
been treated as synonymous, but this requires qualification. The effort to keep the 
rate of structural failure within reasonable limits arises from the need— 

to avoid accidents which result in fatalities or injuries, and 

to avoid accidents which result in the need for repairs to the aeroplane. 
Failures which involve complete fracture of the primary structure (ultimate failures) 
almost certainly result in the former kind of accident. Failures in which the 
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structure is distorted slightly probably result in repair work, but may not cause 
a serious accident. Between these two extremes are the cases where the structure 
is fairly seriously distorted, and the more serious this distortion, the greater the 
probability of a major accident developing from the reduced control and stability. 
Serious distortion may also cause a redistribution of the internal stresses and 
of the external loads. Whereas such redistribution of the stresses usually post- 
pones ultimate failure, redistribution of the external loads may have adverse effects 
and may hasten ultimate collapse. Therefore to meet the two aims stated above 
we must maintain appropriate standards of both ultimate and proof strength. 


14. It is not immediately obvious how a reasonable ratio of proof to ultimate 
strength may be established. However, it so happens that most materials used 
in aircraft construction have proof strengths between 60 per cent. and 8o per cent. 
of their ultimate strengths. Confining our attention to the main flight structure, 
the use of such materials has led to satisfactory results in the sense that the pro- 
portion of minor accidents to major accidents is not unreasonable. Had available 
materials been very different from what they are—for example, had proof strengths 
been very much lower as a proportion to ultimate strengths than they are—it is 
possible that the accident state of affairs would have been less reasonable. In 
other parts of the structure, such as the undercarriage, failure rarely causes fatal 
accidents, but severe distortion may result in a disproportionate amount of repair 
work. In such parts of the structure more emphasis on proof strength would 
perhaps be beneficial. 

15. There are several incidental disabilities in our present system of specifying 
proof and ultimate strengths. In the first instance it is difficult to decide on the 
degree of distortion which will render the aeroplane dangerous, and proof failure is 
necessarily arbitrarily defined. Using some arbitrary definition of proof strength, it 
is then not easy to check that the structure complies with the defined proof strength, 
either by calculation or by test. On the other hand ultimate failure is a clear 
cut condition which is readily defined, and is easily observable on test; it is how- 
ever difficult to calculate ultimate strength owing to the non-elastic behaviour of 
the structure at high loads. Bearing the above difficulties in mind, the best we 
can do at present is to ensure that neither the arbitrary proof strength, nor the 
ultimate strength fall below their appropriate acceptable limits. The acceptable 
level of proof strength of the structure as a proportion of ultimate strength is 
rather a matter of custom and the custom differs in the standards set up by 
different authorities. Typical values are: 


British military 
Pre-war International 0.625 


oe 


It is impossible to say that any of these is ‘‘ right,’’ but the very considerable 
R.A.F. experience suggests that a ratio of 0.75 is a satisfactory one. We must, 
however, not lose sight of the fact that our real aim is to prevent accidents of 
the two kinds previously mentioned, and as soon as the consequences of structural 
distortion in relation to accidents are more clearly understood, a more basic 
definition of the desired conditions should become possible. 


FAacTORS OF SAFETY. 


16. We can now link the notion of n-V boundaries of chosen frequency of occur- 
rence with those of proof and ultimate strengths. Suppose, for example, we have 
selected an n-I’ boundary corresponding to the maximum rate at which we can ac- 
cept proof failure, we must then ensure that the weakest aeroplane which may be 
produced has a proof strength not less than that corresponding to the n-V diagram. 
The ultimate strength follows at once, since past R.A.F. experience suggests that 
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the ultimate strength should be 1.33 times the proof strength. On this argument 
it seems that there is no justification for specifying ulimate factors in excess of 
1.33. The habit for many years, however, has been to specify ultimate factors of 
2.0 and proof factors of 1.5 or 1.25. At the time when this habit grew there was 
little or no data on the frequency of occurrence of loads, but the basic unfactored 
loads chosen were evidently ones which would occur fairly frequently. The larger 
factor thus offered some margin of safety over the higher, but less frequent loads. 
Reference to Fig. 4, however, shows that the boundaries of constant frequency are 
not geometrically similar. Thus in the particular case illustrated, if we specify a 
proof factor of 1.5 on a loading occurring once in 100 hours, with the intention of 
providing a small margin over the loads occurring once in 100,000 hours, we shall 
achieve this aim in certain regions of the n-V diagram, but will tail in other 
regions. The conclusion is that it is structurally safer and at the same time more 
economical to choose an n-J” boundary of rare occurrence and to use the minimum 
possible factor of safety. 


BOVN DARN CORRESPONDING 
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17- A further point may be mentioned here. If the unfactored loads corres- 


pond to frequently occurring manceuvres, and are associated with appropriately 
large factors, it is quite possible for the factored loads to be physically impossible. 
They may, for example, correspond to speeds above the terminal velocity of the 
aeroplane, obviously a state of affairs for which we need not cater. Thus to 
ensure that proof and ultimate loading are so far as possible physically practicable 
conditions the factors should be minimised and a rare frequency n-V’ boundary 
used. The present trend is to use proof factors of 1} and ultimate factors of 1.5— 
a compromise between the old ultimate factor of 2.0 and what is apparently the 
more logical ultimate factor of 1.33. There is, however, mych to be said for 
modifying our habits slowly as the small excess factor of ignorance included in 
the proof value of 1} serves to cover many as vet unknown quantities, such as 
errors in assumed load distribution, effects of structural distortion, and so on. 


STRUCTURAL VARIATION. 

18. One of the problems in the rationalisation of strength requirements is the 
unfortunate fact that structures designed to be identical are actually very variable. 
The variations in material strength, in the dimensions of the parts, and in work- 
manship, lead to a variation in the strength of apparently identical structures. 
The present inspection system aims to ensure that the materials used have strength 
properties not lower than certain minimum values, and that the dimensions lie 
within a certain range. Current design practice is to assume that the materials 
used in the construction of the aeroplane have minimum strength properties, and 
in the case of the sheet materials which make up the majority of the structure, that 


| 
| I 
| 
| 
t 
r 
a 
r 


FACTORS OF SAFETY—OR OF HABIT ? 493 


the dimensions lie midway between the upper and lower specified limits. There 
are thus two main unknown quantities—in the materials themselves we do not 
know how much higher the average strength is than the minimum strength specified 
—and in the completed structure we do not know to what extent material variations 
results in variation of the strength of the structure. 


TABLE: 
VARIATION OF MATERIAL PROPERTIES. 
Failing Stress lying between Number 
(tons/sq. in.) of Specim 
25 to 26 re: ee 1 -——— Specification minimum (26 tons /sq. in.) 
26 to 27 3 
27 to 28 6 
28 to 29 12 
29 to 30 25 —— Mean failing stress (30} tons ‘sq. in.) 
30 to 31 28 
21-16) 13 
7 
33 to 34 + 
34 to 35 I 


19. Table 1 shows typical (but hypothetical) results of roo strength tests on a 
material. The average failing stress is 30} tons per sq. in., but in order to ensure 
that the rejection rate is not too high, the specified minimum strength (which the 
designer uses for strength calculations) is set at the low value of 26 tons per sq. in. 
To make the most effective use of materials it is clear that the designer should 
have more information on the average stresses and the scatter from the average. 

20. In the present types of complex structure in which strength is dependent on 
several separate structural units (such as several sheets of material), it is likely 
that the variation ot strength between the several sheets will to some extent cancel 
out. Thus the width of the scatter band for the complete structure is likely to be 
less than that of the individual structural units. This is a matter which can best 
be investigated by extensive testing to obtain statistical data. 

zi. The final linking together of the loading data and the strength of the 
completed aeroplane must evidently take into account both the frequency of occur- 
rence of external loading and the variation of strength of structures. Dr. A. G. 
Pugsley, in R. and M., 1906, ‘‘ A Philosophy of Aeroplane Strength Factors,”’ 
has already shown the way ‘‘ to weld these various aspects of the design of 
aeroplane structures into a logical and consistent whole.’’ I will not attempt to 
reproduce the method here, but the interested reader would do well to refer to the 
original report which presents the solution to a somewhat involved problem with 
delightful clarity. 


PRESENT TREND. 

22. To gather together the threads of the preceding discussion, there are three 
clear trends to be observed. Each of these is at present becoming a practical 
possibility. 

(a) The first is the use of the V-G data to establish the general shape of 
the design n-V diagram. 


(b) The second, closely allied to and developing from the first, is the selection 
of an n-T’ boundary of given frequency of occurrence associated with factors 
(ultimate) of 1.5. 

(c) The third is the use in design of stresses more closely related to the actual 
properties of the material. 
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FutuRE TREND. 
23. We may reasonably expect, as a development of the present trend, that 
more and more statistical data relating to external loading and to material variation 
will be collected. Statistical data on the variation of strength of the completed 
structure needs to be collected extensively, and the relationship of this variation 
with that of the component materials requires study. It is also necessary to 
devote more attention to the significance of proof and ulimate failure in causing 
accidents. When such information becomes available we should be able to abandon 
specifying strength in terms of two rather arbitrary conditions of failure and 
instead to employ the idea of accident freedom. r 

24. Whether or not our “* factors of habit ’? will eventually disappear) I cannot 
say, but I suggest that our aim should be to amass and publish a body of statistical 
data relating to external loading and structural variation so that our handbooks 
of strength requirements may be reduced to a single statement to the effect that, 
‘* The designer shall produce evidence that the probable rate of accidents likely 
to cause injury to personnel arising from structural failure is not more than once 
in ‘x’ thousands of hours of flying.’’ If this aim is constantly borne in mind, 
even if not achieved, we shall at least ensure that such habits as are forced on 
us will be logical ones. 
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THE DESIGN AND OPERATION OF SUPERCHARGERS 
By A. J. PENN, A.M.I.Mech.E. 


A Paper prepared and read before the Royal Aeronautical Society, Graduates’ 


and Students’ Section. 


INTRODUCTION. 


Initially, supercharging of aero-engines was introduced with a view to restoring 
the pressure in the induction manifold at altitude to that corresponding to sea level. 
During recent years this has been changed, and supercharging is now employed 
not just to maintain sea level pressure in the induction manifold, but to boost 
engines at altitude, in order to develop high B.M.E.P.s and thereby obtain high 
power outputs at high power to weight ratios. 

The type of supercharger which has been universally adopted for the mociern 
aero-engine is that of the centrifugal type. This type is essentially a high-speed 
machine, and therefore for a specific capacity has a low weight ratio and is compact 
and easy for installation. ; 

Other types of superchargers, such as the Roots and Vane types, are entirely 
unsuitable, as apart from the question of reliability, these types would be relatively 
heavy and of such dimensions as to make them difficult to embody in aero-engine 
design. 


THE CENTRIFUGAL TYPE OF SUPERCHARGER. 

Briefly the centrifugal supercharger comprises a single- or double-sided rotating 
impeller enclosed between two half casings containing fixed diffuser vanes. The 
impeller is usually gear-driven through increasing gears from the engine, and 
according to the altitude performance requirements may have a_ single-speed, 
two-speed or variable-speed drive. 

The alternate method of drive which has recently been perfected after years of 
research and development is the exhaust-turbine, and this is attractive for attain- 
ment of Maximum engine power at great heights by utilisation of the energy left 
in the exhaust gas. 

Fig. 1 shows an arrangement of a single-stage centrifugal supercharger. Air 
inhaled through the intake, ‘‘A,’’ enters the impeller, ‘‘B,’’ near its axis, and 
while flowing out through the impeller is given a high tangential velocity. The 
air then enters the diffuser, ‘‘C,’’ in a spiral path between the fixed vanes, ‘‘D,"’ 
during which the kinetic energy imparted to the air is converted into pressure 
with a rapid reduction of its peripheral velocity. The air leaving the diffuser 
passes through the delivery volute, ‘‘E,’’ to the engine induction system. 


DESIGN OF THE CENTRIFUGAL SUPERCHARGER, 


Inlet Design. 


The most suitable design for the inlet to the supercharger is definitely debatable, 
but in general it is agreed that the air-flow at the inlet should be axial, whatever 
design be employed, and evenly distributed on the impeller. Best results are 
generally obtained with a straight axial intake, but the difference, however, is not 
great if an intake manifold properly shaped and of ample dimensions be employed. 

495 


was 
am 
but 


496 4. 3. PENN. 


Impeller Design. 

Various designs of impellers are employed in superchargers of different types 
of aero-engines manufactured in this and other countries; these types may be 
classified as follows: double-shrouded; single-shrouded; double-entry; single- 
entry. These may have integrally bent blades at entry or separate rotating steel 
guide vanes which may be of the machined or bent type. The single-shrouded, 
single-entry type impeller with straight radial blades, as shown on Fig. 1, is 
more generally used for simplicity of manufacture. 

With this type of impeller it is essential that the clearance on the bladed side 
between the edges of the blades and the casing be a minimum, in order to reduce 
the losses due to leakage from the front side of the blades where the high pressure 
region exists, to the low pressure region at the back of the blades. It is for 
this reason that the fully-shrouded tmpeller has a slightly improved maximum 
efficiency. 


TYPICAL ARRANGEMENT 
OF A SINGLE-STAGE CENTRIFUGAL SUPERCHARGER. 


© 


LIVERY VOLUTE 


ENGINE INDUCTION 
SYSTEM 


© FIXED DIFFUSER 


VANES 


(A) INLET _VOLUTE 
[AIR_INTAKE] 


It is usual to give some degree of curvature to the blades at entry, in order that 
the air-flow may enter the impeller practically free from shock. When com- 
mencing to design an impeller, it is first necessary to calculate the tip speed for 
the compression ratio required. The outside diameter, D,, of the impeller is then 
decided, in relation to the permissible overall dimensions of the projected super- 
charger and the maximum safe rotational speed for the degree of required reliability 
of the supercharger drive. 

The number of blades selected for the impeller is a compromise ; a large number 
reduces the relative eddy velocity and separation between the blades, but results 
in restriction at the entry of the impeller with resultant high velocity and increased 
friction. The balance for a specific design can be decided only as a result of 
experiments. In practice, the number of biades varies between 12 and 20, 
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The entry diameter, D,, of the impeller is decided in relation to the weight of 
air to be inhaled to give the required engine performance. This is usually between 
.45 D, and .7 D,, and is to a certain degree affected by the boss diameter, d,: for 
the impeller spindle. ; 

Fig. 2 shows the relationship between the entry diameter, D,, and the mach 
factor, ‘‘M,’’ 1.e., the ratio of the absolute velocity to the acoustic velocity for the 
prevailing temperature conditions. The curve gives the optimum diameter, D,, 
for the minimum mach factor, ‘‘M,’’ and shows that it is preferable for the value 
of D, to be higher than the optimum rather than lower, as the curve rises rapidly 
for the smaller values of D,. 

Fig. 3 shows the velocity diagrams for the entry guide vanes, assuming a 
uniform axial flow at the entry, which in practice is usually not quite achieved 
due to a slight induced swirl. 


CURVE SHOWING THE RELATIONSHIP BETWEEN ENTRY 


DIAMETER AND MACH FACTOR. 


Periphera! velocity at entry 


Absolute velocity at entry to impeller. 
Acoustic velo@ity at inlet temperature 


MACK FACTOR 
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axial velocity 
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From the peripheral velocity at entry and the mean axial velocity of the air, 
it is possible to ascertain the absolute velocity and the entry angle for the entry 
outer diameter, D,. From a similar process it is possible to calcuiate the entry 
angle at the impeller boss, that is, at the entry inner diameter, d. The angle to 
which the entry blades should be set at the outer diameter, D,, is generally 20 to 
4o degrees, and that at the inner diameter, d, in the vicinity of the boss, 30 to 60 
degrees. These angles are usually calculated to ensure maximum efficiency for 
maximum flight performance. 

The impeller dise profile is designed to give a safe stress in the disc and the 
blade contour so that the sectional areas through the channels follow a smooth 
curve from entry to the periphery. 


The area at the periphery of the impeller should be as small as possible, provided 
that it does not result in too large a log spiral, angle. Log spiral angles usually 
employed range between 10 and 20 degrees, depending upon the altitude at which 
maximum performance of the supercharger is required. 
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Fig. 3 shows also the velocity diagram and log spiral angle at the periphery 
of the impeller, allowing for the effect of the relative eddy velocity but not for 
separation. 


RELATIVE EDDY VELOCITY 
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TYPICAL STRESS CURVES FOR AN IMPELLER. 
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The tangential component of the air leaving the impeller for the radial blade 
type is less than the peripheral velocity, due to relative eddy. From the tangential 
velocity and the mean radial velocity it is possible to determine the absolute velocity 
and the log spiral angle of the air leaving the impeller. 
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The stressing of the impeller is involved and certain assumptions have to be 
made. On these assumptions the maximum stress in an impeller is usually at a 
point on the disc of approximately .6 D,, and is in the neighbourhood of 63 tons 
per square inch for an impeller manufactured in duralumin. Impellers tested to 
these criteria have proved to be satisfactory. 

Fig. 4 shows the typical stress curves for an impeller. Curve A shows the radial 
stress in the disc and Curve B the tangential stress. Regarding the manutacture 
of impellers, until recently these were machined from a solid duralumin ‘* cake,”’ 
but they are now machined from die stampings. 
Diffuser Design. 

The function of a diffuser with fixed vanes surrounding the impeller at the 
periphery is to transform the kinetic energy imparted by the impeller to che air 


into pressure energy as quickly as possible and in the smallest space for compact- 
ness. 


AIR FLOW AT DIFFUSER ENTRY & DIVERGENCE BETWEEN VANES. 


THEORETICAL FLOW LINES TANGENT POINTS LOGARITHMIC _ SPIRAL 


ENTERING DIFFUSER FLOW PATH 


\ ANGLE _OF DIVERGENCE 
\ 


FIG. 5. 


Fig. 5 shows the air-flow leaving the impeller and entering the diffuser. The 
energy in the air leaving the periphery of the impeller is partly kinetic and partly 
pressure, 

If the air leaving the periphery of the impeller were allowed, it would form a 
free vortex co-axial with the impeller, and would flow in a spiral path to the 
delivery volute exit at the periphery of the casing. The velocity would be reduced 
and the pressure increased by the laws of vortex motion. To transform efficiently 
the kinetic energy of a high performance supercharger into pressure by this method 
would mean reducing the absolute velocity of the air leaving the impeller from 
1,000 to 1,200 ft./second to approximately 200 ft./second. This would necessitate 
a casing of very large dimensions surrounding the impeller, and would be 
prohibitive in the case of aero-engine design, where compactness and weight are 
important considerations. It is for this reason that it is general practice in super- 
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charger design for aero-engines to employ a fixed vane diffuser to hasten the 
transformation of the kinetic energy into pressure. 

When a vaned diffuser is employed, it is essential that a free vortex space with 
converging boundary walls be provided between the impeller and diffuser to steady 
the air-flow into a uniform condition before entering the passages between the 
diffuser vanes. 

The design of a diffuser can be correct for one condition only, as a change oi 
rate of air-flow at the same impeller tip speed would alter the log spiral angle of 
the air leaving the impeller, and this would necessitate adjustment of the diffuser 
angle. It is therefore usual to design a diffuser for the maximum rate of air-tlow 
at the maximum power altitude in Hight. 

Before commencing to design the diffuser it is necessary to proportion (1) the 
gap between the impeller and diffuser, (2) the radial depth of the diffuser, and 
(3) the size of the delivery volute, in relation to the overall dimensions of the 
supercharger permissible by the layout of the projected engine, 


VARIOUS DESIGNS OF DELIVERY VOLUTES 
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The radial distance between the impeller and diffuser is usually about 0.03 D,, 
therefore D,, at the entry of the diffuser vanes, is approximately 1.10 D,, the 
outer diameter, D,, of the diffuser vanes usually varies between 1.40 D, and 
1.60 D,. The ranges of these ratios in terms of impeller diameter, D,, are estab- 
lished as a result of previous experiments. The selection of the number of blades 
for the diffuser is influenced by the delivery volute design which in turn is 
influenced by the engine induction system, which depends upon the type of engine 
and the cylinder arrangements. If the induction system comprises two manifolds, 
the number of vanes should be even; and if it comprises four manifolds, the 
number of vanes should be a multiple of four. If, however, a single manifold be 
employed or there be separate pipes from each cylinder to a delivery collector ring, 
any number of vanes can be used. 
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In practice, the number of vanes varies between eight and twenty, depending 
upon their thickness and shape and the log spiral angle. 

The cross-sectional shape between the vanes is usually reetangular in  aero- 
engine supercharger design, but it is generally considered that a square cross- 
sectional passage throughout gives an improved efficiency. 


he contour of the vanes is oe to give the required expansion charac- 


teristic, previously established as a result of considerable research, The rate of 
expansion through the diffuser passages is one of the most important factors 
of the design. The internal contour of the vanes is designed to foliow the log 


spiral angle curve up to the throat formed by the two consecutiv e vanes, In order 
to avoid shock to the air at e ntry. From this point, the vane contours are designed 
with a certain angle of divergence trom the log spiral curve to forcefully divert 
the air from its free log spiral path to hasten the transformation of the kinetic 
energy into pressure, 

The design of the vanes at the exit should be such that the veloc ity of the air 
leaving the diffuser is reduced to within 200 to 300 ft. second. 


PRESSURE - VOLUME DIAGRAM OF WORK DONE 
IN THE CENTRIFUGAL SUPERCHARGER. 


SYMBOLS. 
INITIAL PRESSURE LB/SOFT Absolute R= GAS CONSTANT 
Mee VOLUME Curr SPECIFIC HEAT OF GAS AT CONSTANT PRESSURE 
Te + TEMPERATURE Absolute + RATIO OF SPECIFIC HEATS 
R- FINAL PRESSURE - LB/SO FT Absolute W- WEIGHT OF AIR LB/MINUTE 
VOLUME - Cu FT COMPRESSION RATIO 
+ TEMPERATURE  Adsolute ADIABATIC EFFICIENCY 


MECHANICAL EFFICIENCY 


HP ABSORBED BY SUPERCHARGER ___ WK, ((a)* wits 


(Adiabatic 

(Poly tropic 
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VOLUME. 
SUCTION 
WORK DONE = W,-AREA ABFO - Ft Id 


WORK DONE = We + AREA ABCO = 1] Ft tp 
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BiG. 7. 
Delivery Volute Destgn, 

As stated previously, the design of delivery volute is influenced by the form of 
the engine induction system, which depends upon the type of engine and _ the 
arrangement of the cylinders. 

Fig. 6 shows various designs of delivery volutes employed for different types 
of engines; in all cases a diffuser with fixed vanes can be used between the 
impeller and volute. Delivery volutes (a) to (d) are suitable for in-line 


engines, and delivery volute (e) for radial engines where each exit pipe is connected 
direct to each engine evlinder 
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The cross-sections of these delivery volutes may be either rectangular or circular. 
The circular cross-section, however, is considered to be the most efficient. Careful 
consideration is necessary in the design of the delivery volute, as generally the 
conversion of energy at the exit of the vaned diffuser is not complete, and a 
further recovery of pressure is possible with careful design, as the air passes 
through the volute. Delivery volute losses, however, although important, are not 
so serious as intake losses. 


Tut THEORY OF THE CENTRIFUGAL SUPERCHARGER. 

The function of a centrifugal supercharger is to deliver air to the engine at an 
increased pressure by centrifugal action. The process which takes place in the 
Supercharger is that air in the impeller passages is forced outwards to the 
periphery due to rotation of the impeller, and this displacement creates a suction 
at the entry which induces more air to flow into the impeller from the air intake. 
As the air passes through the impeller to the diffuser, work is done on the air by 
increasing its moment of momentum. The amount of work done on the air by the 
impeller depends on its diameter and speed of rotation. 

The air as it enters the diffuser possesses kinetic energy, and this is converted 
into pressure as the air passes through to the delivery volute. The greater the 
kinetic energy in the air, the greater the losses because the conversion is always 
accompanied by considerable shock losses. No work is done on the air by the 
diffuser. 

Fig. 7 shows a P-v diagram of the work done in the centrifugal supercharger. 


Symbols. 

7, = Absolute. 
lb. /ft.%e Absolute. 

R = Gas constant. 
KX, = Specific heat of gas at constant pressure. 

y = Ratio of specific heats. 

y = Compression ratio. 

Ya = Adiabatic efficiency. 

Ym = Mechanical efficiency. 


If a volume of air, v7,, at a pressure, P,, enters the impeller and is compressed 
to a pressure, P,, the change of pressure with volume will be represented by 
Curve B.C. In an ideal uncooled supercharger where there is no transference of 
heat to or from the air, the compression will be adiabatic, and the expression for 
the Curve B.C is given by 

The adiabatic compression of the air from pressure, P,, to pressure, P,, is 

accompanied by a temperature rise which is given by equations 


\ ly 


The work done during the adiabatic compression of the air from B to C is 
represented by the area A.B.C.D, and given by equations 
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The total work done by the supercharger in n delivering air at increased pressure 
to the engine results from suction, compression and delivery. 

The work done during the suction of air into the superch: irger at pressure, P,, 
is represented by the area A.B.F.O, and is done by the atmosphere i in foreing the 
air into the supercharger, and is given by 

The work done alter compression in delivering the air at pressure, P,, and 
volume, v,, through the delivery volute to the engine is represented by the area 
D.C.E.O, and equals 

The total work done in inhaling a and delivering it at increased pressure to 
the engine is represented by the areas D.C.E.0+A.B.C.D—A.B.F.O=area 
B.C.E.F, and can be expressed in terms of pressures and volumes as follows :--- 


2 y—-1) 
A convenient form of expressing the equation is 


The equations given above are for an ideal uncooled centrifugal supercharger 
and give the theoretical work done with adiabatic and frictionless compression, 
whereas in the case of an actual uncooled supercharger the compression is not 
truly adiabatic and the work done is always greater due to friction, shock and 
eddving which results in a conversion into heat. 

The additional work done during compression in the case of an actual super- 
charger is represented by the shaded area B.G.C and the total work done by area 
B.G.E.F. 

To determine the actual work done it is necessary to introduce an efficiency in 
equations (8) and (9), and this is known as the ‘‘ adiabatic efficiency,’’ and 
denoted by symbol y,. This efficiency is expressed as a ratio 

Work done with adiabatic and frictionless compression 


” 


Actual work done during compression. 

The actual horse-power absorbed by a centrifugal supercharger in compressing 
W lb. of air per minute from a pressure, P,, to a pressure, P,, and delivering it to 
an engine, can be computed from the equation given below, provided that the 
mechanical efficiency of the drive, »,,, and the ree efficiency, 1,, are known. 


(33000 


K, = Specific heat of air at constant pressure = 335 ft. Ib. /Ib. ‘°C. 
and 
P,/P, = Compression ratio of supercharger =r. 
Cherefore, a simplified form is 
. 
(98.5 Mam) 
It can be seen from this equation that if the efficiencies of the supercharger 
remain constant, the horse-power absorbed by the supercharger is a function of 
the mass flow of air, the initial temperature and the compression ratio. 
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Fig. 8 shows the typical pressure distribution and velocity changes of the ai; 
as it flows through the various stages of a centrifugal supercharger fitted with an 
impeller with radial blades. The nature of the energy changes that take place as 
the air passes through the impeller can be seen by analysis of the equation. For 
simplicity, an incompressible fluid has been assumed. 

E= + (U.2-U,?) + (V,,7-V,,7)] (1) 
In which 


FE = Energy given to the fluid passing through the impeller. 
1’, = Axial velocity entering impeller. 

V, = Absolute velocity leaving impeller. 

U, = Peripheral velocity—inlet of impeller. 

l", = Peripheral velocity—tip of impeller. 

I’,, = Relative velocity of fluid—inlet of impeller. 

I’. = Relative velocity of fluid—tip of impeller. 


» = Efficiency. 
g = Acceleration due to gravitation, 


TYPICAL PRESSURE & VELOCITY CHANGES OF THE AIR 


PASSING THROUGH A CENTRIFUGAL SUPERCHARGER 


SYMBOLS. 
AMAL VELOCITY ENTERING IMPELLER 
V, = ABSOLUTE VELOCITY LEAVING IMPELLER. 
U, © PERIPHERAL VELOCITY INLET OF IMPELLER 
VELOCITY TIP OF MPELLER 
© RELATIVE VELOCITY OF FLUID- INLET OF IMPELLER 
RELATIVE VELOCITY OF FLUO TIP OF 


EFFICENCY 


ACCELERATION DUE 7 GRAVITATION 
ENERGY GIVEN TO "HE FLUID PASSING THROUGH 
THE IMPELLER, 


The first term in the equation, (1 2g) (I,°—1',7), represents the change in 
kinetic energy of the fluid as it passes through the impeller. Fluid entering the 
impeller at an axial velocity, [’,, and leaving with an absolute velocity, |’,, 
experiences a change of kinetic energy, which is received from the impeller. This 
change of kinetic energy is converted into a pressure change in the diffuser and 
delivery volute. 

The second term in the equation, (1 2g) (U.,°—U,*), represents the change ot 
pressure due to centrifugal force in the impeller as a result of rotation, As_ the 
velocity of U, is greater than U,, the fluid flows radially and a change of centri- 
fugal force takes place, and this results in a pressure difference, 

The final term, (1, 2g) (V,,7—1,.2), represents the pressure rise due to the 
change in relative velocity of the fluid as it passes through the impeller. 

The centrifugal and change of relative velocity effects combined give the pressure 
change across the impeller, which equals 

(y/2¢)[ + (V,,?7 ‘ (2) 
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An efficiency, », has been introduced as the change involves losses, such as 
friction, shock and eddying. 

Term (4, 2g) (V,7—V,*) gives the pressure change in the diffuser and delivery 
volute, and added to this equation (2) gives 

(n/2g) V2) + (U2 U2) + (Vin? Ves?) 

In other words, the impeller energy, multiplied by an efliciency factor, results 
in the fluid energy as found by total pressures at the entrance and exit of the 
supercharger. 

An incompressible fluid has been assumed to simplify this analysis, but a similar 
analysis can be given for a compressible gas such as air. 

In the foregoing it has been possible to only briefly describe the theory owing 
to the limited time available. 


SUPERCHARGER PERFORMANCE CALIBRATION. 

The determination of the pressure-volume and efliciency characteristics of a 
centrifugal supercharger on the test-rig necessitates conducting a_ series of 
constant speed characteristic curves at different speeds covering the operating 
range of the supercharger when installed on the engine. 


TYPICAL 
SUPERCHARGER CHARACTERISTIC CURVES. 
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Fig. g shows a typical supercharger air-flow calibration, which comprises a 
series of constant speed characteristic curves covering a range of impeller speeds 
up to 26,000 R.P.M., with adiabatic efficiency curves superimposed upon the 
pressure ratio characteristics. Each constant speed characteristic curve was 
commenced at the maximum mass flow, which was reduced in increments by 
gradually closing the inlet valve until ultimately the minimum flow at surge point 
was reached. = Surging is usually denoted by an abrupt decrease of delivery 


pressure, and is generally accompanied by audible air vibration. 

Surging is an undesirable feature of the centrifugal supercharger and occurs 
at small rates of air-flow, and is generally accompanied by a sudden breakdown 
in the relation between the delivery pressure and mass flow. 

The diffuser entry angle influences the surge point, the smaller angles being 
more beneficial in postponement of surging. 
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It will be seen from Fig. 9 that the optimum efficiencies are obtained at the 
smaller rates of air-flow in the vicinity of the surge point, and therefore, to obtain 
maximum engine performance, the supercharger should be of such capacity that 
when installed on the engine the operating points be in this region, but not too 
close to the surge point, otherwise instability will be experienced. 

The diagram at the top left-hand corner of Fig. g shows the performance of a 
hypothetical engine with a maximum rating of +6 lb. sq. in. boost pressure at 
3,500 engine R.P.M., and a cruising rating of +14 Ib.’sq. in. boost pressure at 
2,800 engine R.P.M. Line A.B represents the powers available under throttled 
conditions of +6 Ib./sq. in. boost pressure up to the full throttle height of 
10,000 ft., and line B.C represents the powers available at full throttle at falling 
boost pressures up to an altitude of 25,000 ft. Similarly, lines D.E and E.F 
represent the powers available for cruising under throttled and full throttle con- 
ditions up to an altitude of 25,000 ft. These lines are plotted on the supercharger 
characteristic curves and indicate the points at which the supercharger would 
operate if geared to an engine of this capacity and operating under these 
conditions. 


TYPICAL SUPERCHARGER CONSTANT SPEED 
CHARACTERISTIC CURVE. 
IMPELLER TIP FT. SEC. 
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It is apparent from Fig. g that when the engine is operating under throttled 
conditions of constant boost pressure at altitudes above sea level, the supercharger 
will be operating at increased volumes. of air, that is, at higher values of 
W//P.p., with only a slight variation in compression ratio. When the engine 
is operating at full throttle at altitudes above the full throttle height, the super- 
charger will be operating at approximately constant volume, that is, at a constant 
value of W/¥ P.p., but with increased compression ratio. 
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It is important to remember when designing a supercharger that the engine 
controls the operating point of the supercharger and that the capacities of super- 
charger and engine must be carefully matched if maximum overall efficiency is to 
be obtained. 

lig, 10 shows a constant speed pressure ratio curve compared with an efliciency 
curve on the same mass flow basis at a tip speed of approximately 1,000 ft. second. 
It will be observed that the maximum adiabatic efficiency is not obtained at the 
same mass flow as that for the maximum compression ratio. This is explained 
by the fact that, as the mass flow of air through the impeller is increased from 
the ‘‘surge’’ point, the work done by the impeller on each unit mass of air gradually 
decreases, Whereas the adiabatic efficiency increases to commence with, and then 
decreases rapidly. The effect of these two characteristics causes a slight decrease 
of compression ratio at first, and then a more rapid decrease, as the fall-off in 
adiabatic efficiency becomes the controlling characteristic. 

The adiabatic efficiency depends upon how much of the energy given by the 
impeller to the air becomes dissipated into heat by shock eddies and friction. The 
decrease in efficiency at the larger mass flows is usually associated with increased 
heat produced by shock and friction during the diffuser stage. 


EFFECT OF SUPERCHARGING ON AERO ENGINE PERFORMANCE. 

The effect of supercharging has allowed the modern aero-engine to be of rela- 
tively small displacement and medium compression ratio, and yet develop very 
high powers at sea level for ‘‘take-off’’ and also maintain high power outputs 
at high altitudes. 

The maximum power output to which modern aero-engines can be boosted by 
supercharging is limited by detonation, which is dependent upon the octane value 
of the fuel available and induction temperature. 


THE EFFECT OF ADIABATIC EFFICIENCY ON PERFORMANCE OF TWO 
HYPOTHETICAL ENGINES AT 51b/o"BOOST WITH CRITICAL 


ALTITUDES OF SEA-LEVEL_ AND 20000 FEET. 
CRITICAL ALTITUDE - SEA-LEVEL CRITICAL ALTITUDE - 20000 FT. 
FREE SUPERCHARGER DAWVEN | SUPERCHARGER DRIVEN FREE SUPERCHARGER DRIVEN | SUPERCHARGER ORIVEN 
‘SUPE RCHARGE| BY ENGINE - INDUCTION BY ENGINE INDUCTION ISUPERCHARGE | BY ENGINE -INDUCTION | BY ENGINE (INDUCTION 
AiR INTERCOCLED AR NOT INTERCOOLED AIR WTERCOOLED jar NOT INTERCOCLED 
A. B. 
800} = 800} _ 
700} 
4 
500 | soo} = 
= 
> 
al 200} < 2 al 200) 2 
a 
x < < < Q < < 
100 wo] 
200 
300 300] 
S00) 


POWER AVAILABLE AT PROPELLER - SHAFT 
POWER ABSORBTION OF SUPERCHARGER 
TOTAL LOSS DUE TO POWER ABSORPTION ANO TEMPERATURE 


| 


A. PEND. 


When two-stage superchargers are used for high boost at high altitudes, inter- 
coolers are usually employed to reduce the induction manifold temperatures, 
Intercooling has a two-fold effect: (1) it increases the safety margin from 
detonation and (2) results in a denser charge to the cylinders, with consequent 
improvement in power output. The adiabatic efficiency of a supercharger has a 
considerable effect upon the horse-power absorbed by the supercharger and the 
final induction temperature, and consequently on the power available at the 
propeller shaft. 

Fig. 11 illustrates the effect of adiabatic efhciency on the performance of two 
hypothetical aero-engines at 5 lb. sq. in. boost, one with a critical altitude of sea 
level, and the other with a critical altitude of 20,000 feet. 

Assuming that the supercharger is driven independently from the engine and 
the induction air is intercooled to the initial air temperature, there would be no 
supercharger losses, and therefore 100 per cent. power available at the propeller 
shaft in both cases of critical altitude, as indicated by A and A', which represent 
an engine developing 1,000 B.H.P. 

If the supercharger be driven trom the engine and the induction air intercooled, 
there would be a loss of 7 B.H.P. at 100 per cent. adiabatic efficiency and 
50 B.H.P. at 50 per cent. efficiency for sea level supercharger, as indicated by B 
and C, 

In the case of the 20,000 ft. supercharger there would be go B.H.P. loss at 
100 per cent. efficiency and 150 B.H.P. loss at 50 per cent. efficiency, as indicated 
by C'. 

It the supercharger be driven from the engine and the induction air not inter- 
cooled (normal case), the total loss of power for the sea level supercharger would 
be 30 B.H.P. at 100 per cent. efficiency and 130 B.H.P. at 50 per cent. efficiency, 
as indicated by D and E. For the 20,000 ft. supercharger the loss of power would 
be 240 B.H.P. at 100 per cent. efficiency and 430 B.H.P. at 50 per cent. efficiency, 
as indicated by D' and E?. 

It is therefore very apparent that as the critical altitude of an engine is increased 
above that of sea level, the power available at the propeller shaft depends greatly 
on the adiabatic efficiency of the supercharger. 

Engines fitted with single-speed superchargers maintaining constant boosi 
pressure to high altitudes have comparatively low performances at low altitude 
and ‘“‘take-off."" The performance at low altitudes and ‘* take-off’ be 
improved by the introduction of an additional gear ratio which will allow the 
supercharger to function at a reduced impeller tip speed and induction tempera- 
ture when operating at ‘‘take-off"" and low altitudes. 

Fig. 12 shows the typical performance of a hypothetical engine fitted with a 
two-speed single-stage supercharger and boost control unit to control boost 
pressure. In this case there are two critical altitudes, one at 5,000 ft. and one at 
20,000 ft. 

The supercharger pressure ratio in low ratio gear at a critical altitude of 5,000 ft, 
is 1.61 to 1, and in high ratio gear at 20,000 ft. 2.92 to 1. At ‘‘take-off"’ the 
supercharger will be in low ratio gear with the impeller rotating at a tip speed of 
800 ft./second, and the boost control will be in operation closing the throttle to 
maintain 5 Ib. sq. in. boost pressure in the induction manifold, Curve B. As the 
altitude is increased the boost control unit will gradually open the throttle to 
maintain constant boost pressure at 5 Ib./sq. in. until full throttle is reached in 
low ratio gear at 5,000 ft. At this point the boost control becomes inoperative, 
and as the altitude is further increased the boost pressure will progressively fall, 
a gear change being made into high ratio gear at 10,500 ft. Prior to the gear 
change the boost pressure will have fallen to +1.5 Ib. sq. in. ; immediately the 
gear change is made the impeller tip speed will be increased to 1,200 ft./second, 
and the boost control will therefore close the throttle to restrict the boost pressure 
to +5 lb./sq. in. As the altitude is increased in high ratio gear the boost control 
will gradually open the throttle to maintain the boost pressures until full throttle is 
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reached at 20,600 ft., the second critical altitude. Above this altitude the boost 
control will be inoperative, and as the engine is at full throttle the boost will fall 
progressively, nearly in proportion, but not quite as rapidly as the atmospheric 
pressure. 

Curve A shows the power output available at the propeller shaft at various 
altitudes up to 30,000 ft., also that at the gear change altitude of 10, 500 ft. the 
full throttle power in low ratio gear at +1.5 lb./sq. in. boost pressure 1s the same 
as the throttled power in high ratio gear at +5 lb./sq. in. 


TYPICAL PERFORMANCE OF A HYPOTHETICAL ENGINE 


FITTED WITH A TWO-SPEED, SINGLE-STAGE SUPERCHARGER. 
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The induction temperatures at the various altitudes up to 30,000 ft. are indicated 
by Curve C. 

The shaded areas on Fig. 12 show the gain in power output at the propeller 
shaft and decrease in induction temperatures at low altitudes and ‘‘ take-off "’ 
resulting from the introduction of a low ratio gear. 

Theoretically, the ideal arrangement for a gear-driven supercharger for super- 
charging aero-engines to high altitudes would appear to be one with an infinitely 
variable speed drive, which would allow the impeller speed to be adjusted to give 
full throttle performance at constant boost at all altitudes up to the critical. This 
arrangement, however, has certain disadvantages. 
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Hanpsook ror M.A.P. M.O.S. Contractors. 


5S: Noel-Brown) AvR.Ac:Ss AvC-1.S.. Engineerin 
Industries Association, London. 1944. 7 6 net. 


o 


This is a Handbook of Reference for those unfortunate and misguided people 
who inadvertently become or are compelled to become Government contractors. 

The author, in his preface, says: ** The object of this handbook is an attempt 
to ease the lot of the contractor and to help him to understand the many con- 
flicting contractural clauses as between one Ministry and another.”’ 

There are seven chapters, namely: Type of Contracts and Their Application; 
M.A.P. Conditions of Contracts; Ministry of Supply Conditions of Contracts; 
M.A.P. Sub-Contract- Procedure; Analysis of M.A.P. and M.O.S8. Conditions of 
Contract ; Cost and Profit; and the 1944 Contract Conditions for M..\.P., M.O.S. 
and Admiralty Contracts. 

Seven is a magic and mysterious number and this is a magic and mysterious 
book. Shakespeare wrote of the seven ages of man. The seventh age it may 
be recalled, ‘‘ Is second childishness, and mere oblivion, sans teeth, sans eyes, 
sans taste, sans everything.”’ 

After the reviewer had digested some of the contractural clauses, so ably 
summarised by the author, the only conclusion he could come to was. that 
Shakespeare had realised before most people, that to become a Government 
contractor is certainly likely to result in ‘* mere oblivion, sans teeth, sans eves, 
sans taste, sans everything,’’ as far as the contractor is concerned. 

This handbook should be placed in the hands of any firm who have not yet 
been caught up by the lure of Government contracts, so that he will not have the 
excuse he did not know. He will have the excuse in any case that he did not 
understand. The author has done an excellent job and one shudders to think 
how much man-power and man-hours have been required to interpret the clauses 
of man-power which would have been more usefully employed in many other 
directions. 


THE CHICHESTER SUN Compass. Francis Chichester. Allen and Unwin, 1944. 5/-. 


Francis Chichester, who will be remembered for his long-distance flights before 
the war, has evolved a simple and ingenious device, by means of which anyone 
who knows the date and local time can tell his direction by the sun. The Sun 
Compass consists of a revolving disc under a transparent cover marked with 
times (at 20-minute intervals) and compass bearings. By rotating the lower disc 
until date and local time coincide, the sun’s bearing may be read off immediately. 
The stiff card is contained in a pocket on the cover of the book, giving the simple 
instructions for its use, and the whole forms an ideal present for anyone interested 
in finding his way out-of-doors, from the boy scout to the commando. A further 
practical use is for checking the magnetic compasses of aircraft or tanks. 
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i BEAUFIGHTER # g throughout the war years, the Beaufighter’s form- 


idable fire-power has made Britain’s 


air the most dangerous in the world to hostile aircraft. 


At sea, torpedo and rocket carrying Beaufighters remain a constant menace to venturesome 


enemy shipping. 


of “Whispering 


In the Pacific—where its prowess has already gained the Jap-inspired nickname 


Death”—the Beaufighter continues to add laurels and lustre to its name, 
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One of the leading Research Engineers had stated in the course of 
a paper, that there had been no basic changes ia steel for twenty- 
five years and that he sees no immediate prospect of any,such 
changes. He goes on, however, to say that by adapting certain 
well-known processes, immense improvements can be made. This 
is illustrated by the fundamental changes which were made when 
‘Newall Hitensile’ bolts were developed many years ago. 


The introduction of ‘Newalloy’ which followed after a long in- 
terval of experiment and research, carried the strength of bolts 
to the highest point which they have yet reached. It is to be noted, 
however, that ‘ Newallastic’ bolts and studs, which came later, are 


_ much more resistant to fatigue than are normal types. ‘Newall 


Hi-tem’" are, more or less, the same as ‘Newallastic’ with the 
essential difference that they are made in steel possessing non- 
creep qualities. 


This is a short resume of the development of Newall bolts which 
are all branded with their distinctive marks. 
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